Introduction {#sec1-1}
============

The emergence and rapid spread of multidrug resistant (MDR) pathogens especially in intensive care units (ICUs) that cause nosocomial infections are of great concern world-wide. The incidence of these infections has steadily increased during the last decade.\[[@ref1]\] This has led to worse outcomes, including longer hospital stays, increased mortality and greater costs of hospitalization.\[[@ref2]\] Moreover, increasing number of MDR Gram-negative pathogens and limited development of newer antimicrobials have made the selection of antibiotics in critically ill-patients more difficult.\[[@ref3]\] Hence it has necessitated the reintroduction of intravenous polymyxins (polymyxin B and polymyxin E), an antibiotic class discovered more than 60 years ago for the treatment of such infections in spite of its proven nephrotoxic effects in the past.\[[@ref4][@ref5]\]

Polymyxins are a group of cationic polypeptide antibiotics consisting of five different compounds (polymyxin A-E). Only polymyxins B and E (colistin) have been used in clinical practice due to high toxicity of the remaining agents.\[[@ref6]\] Polymyxin B has the same structure as colistin, but contains D-phenylalanine instead of D-leucine.\[[@ref7]\] Polymyxins are rapid acting bactericidal agents with a detergent like mechanism of action.\[[@ref8]\] The antibacterial spectrum of polymyxins includes only Gram-negative organisms. They are effective treatment for the infections caused by MDR *Pseudomonas aeruginosa, Acinetobacter baumanni, Klebsiella pneumonia, Enterobacter* strains.\[[@ref9][@ref10]\] These pathogens can cause a variety of ICU acquired infections such as pneumonia/ventilator associated pneumonia, septicemia, meningitis, urinary tract infections, skin and soft-tissue infections etc., but the fear of adverse effects like nephrotoxicity and neurotoxicity limited their use.\[[@ref11]\] Recent studies demonstrate the acceptable effectiveness and less toxicity of polymyxins than the past studies.\[[@ref3][@ref11][@ref12][@ref13][@ref14]\] It is seen that the incidence of nephrotoxicity in recently published data with polymyxins ranged from 15% to 55%.\[[@ref9]\]

However, there is a concern regarding their use in patients with already compromised renal functions as proven nephrotoxicity of polymyxins predict the increase in mortality with their use in renal patients.\[[@ref10]\] Little is known about the use of polymyxins in such patients due to non-availability of such studies. Hence, this study was undertaken to compare the effectiveness and nephrotoxicity of polymyxins in critically ill-patients with already known renal dysfunction to those with normal renal function.

Materials and Methods {#sec1-2}
=====================
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### Design And Setting {#sec3-1}

A retrospective cohort study was undertaken (March 2008-2010) in critically ill-patients with ICU-acquired infections caused by MDR Gram-negative bacteria. It was conducted at the 23 bedded medical ICU of tertiary care hospital in Northern India. It was approved by ethics committee of the hospital which waived the need for informed consent due to its retrospective nature.

### Patient Identification {#sec3-2}

Medical records were reviewed to identify patients who received polymyxin B or E during these periods. Patients who received polymyxin B or E for carbepanem resistant Gram-negative sepsis, either suspected or confirmed cases for at least three consecutive days, with serum creatinine measurements available one before the start of antibiotic, one during therapy and one after completion of therapy were included in the study irrespective of the age, gender or underlying disease. Patients with baseline creatinine level greater than 4 mg/dl or patients undergoing dialysis at the beginning of the antibiotic therapy, those with obstructive renal failure, with loss or end stage kidney disease or those receiving concomitant nephrotoxic drugs were excluded from the study.

### Collection and Extraction of Data {#sec3-3}

For each patient, clinical data was extracted from hospital records in the form of demographics, date of admission and discharge (i.e., length of stay), underlying disease, medical history, previous surgery, infection on ICU admission, dosing frequency and duration of therapy. Data on serum creatinine (baseline, highest level during treatment and after therapy) and outcome (recovery or death) were also collected. Patient\'s severity of illness on admission was calculated by acute physiology and chronic health evaluation II (APACHE II) scoring system.\[[@ref15]\]

### Drug Formulations {#sec3-4}

All patients in the study received intravenous polymyxin B or E for MDR Gram-negative sepsis resistant to carbapenams. Polymyxin B dose was given according to the literature provided by drug company, i.e., 5 lakhs units intravenously 8 hourly (15,000-25,000 IU/kg/day).\[[@ref16]\] Polymyxin E was given at a dose of 2 million units every 8 hourly for at least 3 days (72 h).\[[@ref17]\] Dosage adjustment was done according to creatinine clearance in patients with deranged renal function. Creatinine clearance was calculated using the Cockcroft and Gault formula.

### Definitions {#sec3-5}

Baseline serum creatinine was defined as the creatinine level on the day when initial polymyxin dose was administered. A RIFLE criterion for acute kidney injury (AKI) at admission was used for grouping of patients. The acronym RIFLE stands for the increasing severity classes, Risk (R), Injury (I) and Failure (F) and two outcome classes, Loss (L) and End stage kidney disease (E). The three severity grades are defined on the basis of the changes in serum creatinine or urine output. The two outcome criteria, loss and end stage kidney disease, are defined by the duration of loss of kidney function. Increase in serum creatinine to more than or equal to 150-200% (1.5-2 fold) from baseline is categorized under Risk class, increase in serum creatinine to more than 200-300% (\>2-3 fold) from baseline as Injury class and increase in serum creatinine to more than 300% (\>3 fold) from baseline as Failure class.\[[@ref18]\]

### Patient Grouping {#sec3-6}

Out of the total of 112 patients who were administered polymyxins, 48 patients met the study criteria. Patients were divided into two groups based on RIFLE criteria for AKI at admission. The group with normal renal function at the start of therapy served as the control group (non-AKI group) and other group with deranged renal function as AKI group. In AKI group, we included patients with "Risk," "Injury" or "Failure" grades only. Patients with loss or end stage kidney function were excluded. AKI was found in 18 patients at the start of therapy, which were hence grouped into AKI group and 30 patients who reported with normal renal functions served as control, i.e., non-AKI group. Comparison of patients was done between non-AKI (*n* = 30) and AKI (*n* = 18) groups. Primary end points included resolution of sepsis, survival and nephrotoxic effects with polymyxins. Safety was assessed on the basis of laboratory tests for renal function (creatinine clearance) during polymyxins administration.

### Data Analysis {#sec3-7}

Statistical analysis was performed using unpaired Student *t*-test, Mann-Whitney test, Pearson Chi-square and Fisher\'s exact test. *P* \< 0.05 was considered to be statistically significant.

Results {#sec1-3}
=======

All eligible patients (*n* = 48) who received polymyxin B or E intravenously for treatment of ICU acquired infections caused by a carbapenem resistant Gram-negative bacterium between March 2008 and March 2010 were studied. Most of the (60.4%) patients were males while 39.6% of patients were females. Mean age of patients was 58.42 ± 17.78 years.

The most frequent pathogen isolated was found to be *A. baumanni* in 34 patients (70.8%). One patient each was infected with *Escherichia coli* and *P. aeruginosa*. Polymicrobial infection was found in 4 (12%) patients. Major bacterial isolation sites were blood (31.25%), lungs (27.08%), abdomen (22.91%), skin or soft-tissues (8.33%) and urinary tract (2.08%).

Daily mean dose of polymyxin B was found to be 11.46 ± 3.08 lakhs units with the total mean dose of 90.73 ± 59.90 lakhs units while for polymyxin E mean daily dose was 5.3 ± 5.64 million units with total daily dose of 49.53 ± 28.12 million units. It was found that the AKI was present at the time of start of treatment in 18 (37.5%) patients (AKI group), whereas normal renal functions were seen in 30 (62.5%) patients (non-AKI group). Out of the 18 patients in AKI group, 9 patients were in Risk class, 7 were in Injury class and 2 were in Failure class.

Both AKI and non-AKI groups were similar as no statistically significant difference was seen regarding sex ratio, age and duration of therapy. Adjusted mortality rate (AMR) at admission according to APACHE II was 23.76 ± 11.58 in AKI group when compared with 13.08 ± 7.93 in non-AKI, which was significantly higher \[[Table 1](#T1){ref-type="table"}\].

###### 

Comparison of parameters between patients of AKI and non-AKI groups of critically ill-patients
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There was no significant difference in the length of hospital stay (23.89 ± 13.24 in AKI group vs. 30.5 ± 22.50 days in non-AKI group; *P* = 0.406). At the end of therapy with polymyxins, in non-AKI group 26.6% (8 out of 30) patients developed renal dysfunction with no alteration in renal function in 73.4% (22 out of 30) patients whereas in AKI group, worsening of renal functions was observed in 38.8% (7 out of 18) patients, improvement in 33.3% (6 out of 18) patients and there was no change in 27.8% (5 out of 18) patients. Statistically significant difference was found among AKI and non-AKI groups regarding worsening of renal functions. Out of 18 patients in AKI group, 8 died, whereas out of 30 patients in non-AKI, 11 died. No statistically significant difference was found in the overall mortality (44.4% in AKI group vs. 36.7% in non-AKI group; *P* = 0.762) between patients of two groups \[[Table 2](#T2){ref-type="table"}\].

###### 

A comparison of outcomes between patients of AKI and non-AKI groups
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Discussion {#sec1-4}
==========

This study evaluated the safety and effectiveness of polymyxin B or E in 48 critically ill-patients who acquired nosocomial infections in ICU caused by MDR Gram-negative bacilli that were susceptible only to polymyxins. Until date, clinical experience with polymyxins in renal dysfunction is very limited and that too if it is administered in patients with already compromised renal function. To the best of our knowledge, this study represents one of its kinds to evaluate the use of polymyxins in already compromised renal function. A total of 48 patients who received polymyxins, 18 had already compromised renal function (AKI group), whereas 30 had normal renal function (non-AKI group).

Good clinical response (cure/improvement) was observed in 55.5% of patients in AKI group and 63.3% of patients in non-AKI group. Renal function worsening occurred in both groups \[[Figure 1](#F1){ref-type="fig"}\], but it was more in patients of AKI group, i.e., 38.8% as compared with 26.6% in non-AKI group. This increased nephrotoxicity in pre-existing renal disease was also observed in other studies.\[[@ref19][@ref20]\] This can be explained by the fact that potentially nephrotoxic agents are associated with a higher toxicity in patients with abnormal renal function even after adjustment of dose.\[[@ref21]\] However, renal dysfunction could not be attributed only to polymyxins as other factors such as development of septic shock, multiple organ failure, hypovolemia and low cardiac output syndromes may also contribute to it.\[[@ref22]\]
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The calculated AMR (according to APACHE II score) was significantly higher, i.e., 23.76% in patients of AKI group as compared to 13.08% in patients of non-AKI group at the start of therapy. However, the final outcome of patients in both groups was similar, i.e., polymyxins caused worsening of renal function more so in AKI group as compared to non-AKI group, but this did not lead to increase in hospitalization days in ICU \[[Figure 2](#F2){ref-type="fig"}\] or any intervention like hemodialysis. No significant difference was found in mortality rate among two groups. Similar results wherein, mortality rate of 40% was reported in both renal failure and non-renal failure groups with the use of polymyxin E was shown by Turkoglu *et al*. in Turkey.\[[@ref23]\]
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The similar outcomes in both the groups can be explained by the fact that in our setup polymyxins had been used judiciously in the appropriate dose and duration according to ideal body weight. No concomitant nephrotoxic drug was administered. Further daily adjustment of the dose was done based on continuous monitoring of renal functions like creatinine clearance. Furthermore, intravenous fluid resuscitation was adequately carried out according to the inferior vena cava measurements. All these measures led to favorable results at the end of therapy even in AKI patients. The important limitation of our study is its retrospective nature and small sample size. There is a need to conduct randomized controlled trials that will further establish their role in patients with renal dysfunction at the start of therapy.

In our study, patients with AKI at admission were found to be more morbid and the use of polymyxins led to worsening of renal functions. However, despite the baseline morbidity and exacerbation of renal dysfunction, there was no increase in length of stay in a hospital or in the overall mortality rate among two groups. So in our experience, polymyxins can be used in patients with AKI with MDR Gram-negative septicemia provided adequate measures (judicious use of medication, monitoring of renal function, dose adjustment and aggressive fluid management) are taken.
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